Introduction __________
Drought stress is the main factor that is limiting crop production in the world which affects around 40 to 60% of the world's agricultural lands (Shahryari and Mollasadeghi, 2011) . Barley (Hordeum vulgare L.) is considered to be the best drought tolerant of the grain cereals, which is grown as the main annual rain-fed crop in low areas of North Africa and considered as a low risk crop. (Kilic et al., 2010) . In Egypt, barley is considered a main crop which is grown in both rain fed and favorable irrigated soils of the Nile Valley, but drought stress causes reduction on barley grain yield production which is harshly affected by rain-fed area conditions (Forster et al., 2004) .
Breeding for drought tolerance by using classic screening methods to evaluate the efficiently of large amount of genotypes was multifaceted, because of the absence of comprehensive information about the genetic mechanism of drought tolerance and grain yield under water stress conditions ( Ashraf, 2010) .
Drought tolerance indices are situated as mathematical models, which was used to measure the change in grain yield under stressed and non-stressed environments to screen the drought tolerant genotypes, which was based on drought tolerance or sensitive of genotypes (Mitra, 2001 ).
In barley, there are many reports use drought tolerance indices to distinguish high yielding cultivars under both non-stressed and stressed conditions using the most important indices such as Stress tolerance index (STI), Mean product (MP and Geometric mean product (GMP) which there were most suitable, many researchers such as Karami et al. (2005) , Nazari and Pakniyat (2010) , Zare (2012) , Ajalli and Saleh (2013) and Subhani et al. (2015 ) .
Selection based on correlation is useful to find out the degree of general association only between any two measured characteristics, but selection based on a combination of indices which may offer a useful amount for improving drought tolerance of barley is better, Thus a well method such as biplot analysis is necessary to classify the superior cultivars for both non-irrigated stress and irrigated environments (Subhani et al., 2015) .
The objectives of the present study were to determine the ability of drought tolerance indices to classify barley cultivars into sensitive and tolerant to water stress and to identify the association among tolerance indices through biplot analysis and cluster analysis.
Materials and Methods

Plant material and field experimental design
Fifteen Each cultivar was sown in six rows of 3.5 m, spread out with 20 cm among rows in a randomized complete block design with three replications. The first experiment (normal condition) was irrigated twice after sowing, 45 days after sowing at tillering stage and 75 days after sowing at booting stage, the second experiment (water stress condition) was given just sowing irrigation. Sowing was done on Nov. 15 th in both seasons.
Ten agro-morphological parameters were measured in this study; total chlorophyll content (SPAD), flag leaf area (cm 2 ), days to maturity (days), peduncle length (cm), spike length (cm), number of tillers (m -2 ), 1000 grain weight (g), biological yield( t ha -1 ), straw yield( t ha -1 ) and grain yield (t ha -1 ).
Soil samples were taken before land preparation in two depth from the soil surface; i.e. 0-15 cm and 15-30 cm, the chemical properties of soil samples from the Sakha Field Experiments site during the two consecutive seasons, 2012/13 and 2013/14 as shown in Table1.
Maximum and minimum temperature, normal relative humidity and rainfall during the two seasons of barley crop at Sakha Agricultural Research Station are shown in Table 2 . 
Data collection and statistical analysis
The combined data of measured morphological traits from the two seasons were analyzed based on the randomized complete block design (RCBD) with three replicates; all data collected were subjected to statistical analysis of variance according to Steel et al., 1997 with the help of statistical software MSTATC. Correlation coefficients among yield of irrigated (Yp) and non-irrigated stress (Ys), and stress indices were estimated according to the statistical techniques.
Drought tolerance indices were calculated according to the equations given in Table 3 . Principal component and cluster analysis were analyzed using a computer software program Minitab v.12.
Results and Discussion
Analysis of variance of agro-morphological traits
High and significant differences were found among the 15 barley cultivars for ten studied traits, during the two growing seasons 2012/2013 and 2012/2014 under both irrigated and non-irrigated stress conditions as shown in Table 4 . The interaction between cultivars and seasons, was significant and highly significant for all traits expect for leaf area, 1000 grain weight, biological yield, and straw yield were non-significant, and the interaction between treatment and cultivars was significant and highly significant for all traits. Regarding the interaction among cultivars, treatment and seasons, the data indicated that there were a significant and highly significant difference for all traits expect for chlorophyll content, leaf area and straw yield were non-significant. The results were similar to those obtained by El-Koliey and El-Hamid (2000) , Shakhatreh et al. (2001) , Samarah (2005) , El-Sayed (2012), Fawzy et al. (2013 ), Haddadin, (2015 and Abu-El-Lail et al. (2016) 
The combined mean performance for cultivars
The combined mean performance for barley cultivars under irrigated and non-irrigated water stress during the two seasons and their combined as shown in Tables 5&6 indicted that From above data we could consider that the Egyptian cultivars Giza 126, Giza 2000 and Giza 131 as water stress tolerant cultivars while Giza 132 and Giza 129 could be considered as water stress sensitive cultivars, so we could use those cultivars in breeding programs for water stress conditions. However, we could consider that the cultivars Giza 123, Giza 125, Giza128, Giza130, Giza133 and Giza 134 as moderated tolerant cultivars under water stress conditions. The results were in good harmony with those of Amer (2011) 
Drought tolerance indices for water stress tolerance
The combined data of the two growing seasons 2012/013 and 2013/014 demonstrated the mean grain yield of barley cultivars as shown in Table 7 . The maximum values of grain yield were found for the cultivars Giza 2000, Giza 126 and Giza 131 were (14.13,13.16 and 11.53 t ha -1 ) under normal condition respectively, and were (9.60, 9. 66 and 9.42 t ha -1 ) under non-irrigated condition respectively, while the minimum values under normal and stress conditions were obtained by the cultivars Giza 132 and Giza 129 with values of (4.57, 5.11 and 2.08 , 3.11 t ha -1 ) respectively. Therefore, the cultivars Giza 2000, Giza 126 and Giza 131 had the best performance for grain yield under irrigated and non-irrigated stress conditions; also these cultivars exhibited highly significant differences for all the drought tolerance indices. Table 7 indicated that the highest values of yield index (YI) ,Stress tolerance index (STI), Mean product (MP), Geometric mean product (GMP) and Harmonic Mean (HM) indices were performed by the cultivars Giza 2000, Giza 131 and Giza 126 which had the maximum grain yield under normal GYp and stress condition GYs. Whereas the lowest values of YI, STI, MP, GMP and HM indices were obtained by Giza 132 and Giza 129 which had the minimum grain yield values under normal and stress conditions, and all the remained cultivars had moderate values of YI, STI, MP, GMP and HM indices. These results are similar to those by Fernandez (1992) who used MP, GMP, YI and STI indices for screening drought tolerant and high yielding genotypes in both conditions and found that these indices were able to discriminate cultivars into four groups , A group, including cultivars with high yield in both conditions, group B include cultivars with good performance only in normal condition, group C include cultivars with good performance only in stress conditions, and group D include cultivars with poor performance in both conditions. Thus, the cultivars which have high values of MP, GMP, YI, HM and STI indices were considered as tolerant cultivars under irrigated and nonirrigated water stress and also we could consider that these indices are more suitable indices to isolated cultivars to tolerant, sensitive, moderate tolerant and moderate sensitive under irrigated and non-irrigated water stress. These results are corroborated with the findings of Bouslama & Schapaugh (1984) , Gavuzzi et al. (1997) , Karami et al. (2005) , Nazari and Pakniyat (2010) , Zare (2012) , Ajalli & Salehi (2013) and Subhani et al. (2015) . For Stress susceptibility index (SSI) and Tolerance index (TOL) indices, the results which were obtained from Table 7 indicted that the highest values of TOL and SSI were performed by Giza 132 and Giza 129 ,while the lowest values of TOL and SSI were found by cultivars Giza 2000, Giza 131 and Giza 126. Concerning, yield stability index (YSI) the maximum values were recorded for Giza 2000, Giza 131 and Giza 126 and the lowest YSI values were recorded by Giza 132 and Giza 129. Therefore, from the results in Table 7 , we could consider that the cultivars which had the lowest values of TOL and SSI and high values of YSI, as tolerant cultivars, while the cultivars with low values of TOL and SSI and high YSI values could be considered as sensitive cultivars. Therefor, the TOL, SSI and YSI indices were found to be more useful indices in discriminating water stress tolerant and sensitive cultivars, These results are corroborated with the findings of those obtained by Fernandez (1992) , Blum (1996) , Guendouz et al. (2012) , Haddadin et al. (2013) , Sultan et al. (2013) , Haddadin( 2015) and Subhani et al. (2015) . 
Results in
Correlation analysis for water stress tolerance
The correlation coefficients (Table 8 ) between drought tolerance indices and, grain yield under both normal and stress conditions GYp and GYs both showed positive and high significant correlation with the Yield index (YI), Stress tolerance index (STI), mean productivity (MP), geometry mean of productivity (GMP) and harmonic mean (HM) . These results are consistent with the results obtained by Nazari & Pakniyat (2010) , Sharafi et al. ( 2013) and Dorostkar et al. (2016) which supposed that the best suitable indices to select stress tolerant cultivars, is the index which has quite high correlation with grain yield in both stressed and non-stressed conditions. Therefore, from our results through the assessment of correlation rate between grain yield and water stress tolerance indices in both conditions, we could consider that the Yield index (YI), Stress tolerance index (STI), mean productivity (MP), geometry mean of Egypt. J. Sus. Agric. Sci . 43, No.2 (2017) EVALUATION OF SOME EGYPTIAN BARLEY CULTIVARS … productivity (GMP) and harmonic mean (HM) , as major and suitable indices for selecting cultivars with high yield under irrigated and non-irrigated water stress conditions.
Multivariate analysis Principal component analysis (PCA)
From the biplot analysis we could identify the highst cultivars for both non-irrigated and irrigated environments stress since the biplot analysis was used to determine the association between all the traits at once and based on the principal component analysis of the first principal component analysis (PCA1) and second principal component analysis PCA2, which contained about 99.1% of the total variation ( Table 9 . So the cultivars which had high and positive value of this component will be high yielding in non-irrigated and irrigated stress conditions as shown in Fig. 1 , therefore the PCA1 can be named as the yield impending and water deficiency tolerance
The second principal component PCA2 clarified 23.0 % of the total variability which was positively correlated with GYs, YSI, YS, MP, STI and HM, and negatively correlated with GYp, SSI, TOL and GMP as shown in Table 9 . Therefore, the second principal component can be described as stress sensitive component, which could discriminate the tolerant cultivars from sensitive cultivars.
So the selection of cultivars which had high PCA1 and PCA2 were more suitable for irrigated and non-irrigated stress conditions. Therefore, the cultivars Giza 126, Giza 131 and Giza 2000 with high PCA1 and PAC2 will be more suitable cultivars for stress and irrigated conditions ( Fig. 1) and both of Giza 129 and Giza 132 with low PCA1 and PAC2 were identified as highly water stress sensitive cultivars with low yield stability. These results are in agreement with the finding of Zare (2012), Muhammad et al. (2012) , Ajalli & Salehi (2013) , Sharafi et al. (2013) and Dorostkar et al. (2016) .
Cluster analysis
Cluster analysis based on GYp, GYs and selection drought stress tolerance indices were performed in Fig. 2 and was done by parallel matrix based on Euclidean distance measurement and non-weighted paired group method using mathematics average (UPGMA). The cluster analysis was performed on YI, GMP, MP, HM and STI indices where these were the most important criteria that were confirmed by correlation coefficients and principal component analysis, and were totally in agreement with agromorphological traits (Tables 5&6 ) and drought  tolerant indices (Table 7) . So the results of cluster analysis indicated that all cultivars were classified into four groups: A group (T) include the water stress tolerance cultivars Giza 126, Giza 131and Giza 2000), D group (S) include the water stress sensitive cultivars together Giza 129 and Giza 132), B group include the moderate tolerance water stress cultivars (MT) include Giza123, Giza125, Giza 128, Giza 134, Giza 130 and Giza 135 and C group moderate sensitive water stress cultivars (MS) include Giza 124,Giza 127, Giza 135 and Giza 136 cultivars. These results were in a good harmony with Sharafi et al. (2013) , Subhani et al. (2015) and Dorostkar et al. (2016) who used cluster analysis for grouping barley genotypes based on drought stress tolerance indices. 
